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Abstract 
Radon, a natural radioactive element present in air, soil and water, has been proved to be related to lung cancer: according to 
the US EPA, nearly 10% of lung cancer deaths are attributable to radon, while Spanish studies estimate this figure is about 5%. 
Hence, a wide number of research works have been carried out worldwide to determine the underlying factors, existing risk and 
remediation measures.  
In Spain, MARNA project pointed out the high radiation levels in Galicia. The main studies regarding Galician radiation are 
explained, as well as the principal remediation measures applied to reduce radon exposure at home. 
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1. Introduction 
In recent years, the study of radon and its effects on public health has been a major concern, giving place to a 
number of studies and legal measures worldwide. This paper intends to review these radon studies, focusing on the 
Spanish case and the situation in Galicia, summarizing the main facts and remediation measures that can be found in 
the large literature related to this topic. 
Radon is a naturally occurring radioactive gas which can be found in soils, rocks and water1. It is a decay of 
uranium-238, present throughout the earth’s crust, and among its isotopes Rn-220 and Rn-222 are the most common. 
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Rn-222 has a half-life of 3.8 days, emitting an α particle as it decays to polonium-218 and, finally, to stable lead. 
Due to the fact that Rn-222 has such a short life, it provokes an intense, continuous, natural radiation. 
Radon effects on health were first noticed back in the 1960s, when a correlation was stated between radon 
exposure and the lung cancer developed by uranium mines workers2. Radon is present in the environment and 
accesses human body through air during the respiration. Most of the inhaled radon is exhaled, but some decay 
products deposit in the lungs, provoking the exposure of cells to α radiation3. This fact led the International Agency 
for Research on Cancer to establish radon as human carcinogen in 1988. It is as well considered as the second 
leading risk factor for lung cancer after tobacco by the United States Environmental Protection Agency4, which 
estimates that a considerable number of lung cancer deaths are attributable to radon: from a total of 157,400 lung 
cancer deaths registered in the US in 1995, 18,500 are estimated to be related to radon; and about 90% of deaths 
corresponded to ever smokers (people who had consumed 100 cigarettes or more). Some authors5 concluded that 3-
5% of the deaths due to lung cancer are related to radon exposure in Galicia, and that smoking status has a great 
influence: 22% of lung cancer deaths corresponded to smokers exposed to radon concentrations over 148 Bq/m3. 
The US National Academy of Sciences published in 1998 the findings of the Biological Effects of Ionizing 
Radiation (BEIR) VI Report6, a complete compilation of indoor radon data in the US, supporting the estimation of 
radon-related lung cancer deaths introduced by the EPA. Furthermore, BEIR VI Report included a revised 
methodology for the estimation of the radon risk, based on data on 11 miner cohorts which are used to relate the risk 
in mines to the risk in homes. Two models were proposed, concentration and duration models, which take into 
account factors such as the age, the exposure rate, the exposure duration and time since exposure. 
As the risk related to radon exposure was stated, action levels were established by several countries following the 
guidelines of the International Commission on Radiological Protection, which first7 settled the recommended action 
levels in the range of 200-600 Bq/m3 and later, in 20098, revised the upper value for radon gas in dwellings from 600 
Bq/m3 to 300 Bq/m3. In Europe, the Commission Recommendation of 21 February 19909 establishes the guidelines 
for the protection of the public against indoor radon exposure, suggesting a reference level of 400 Bq/m3 for existing 
buildings and 200 Bq/m3 for future constructions. 
It should be noted that there are not maximum legal concentrations regarding to radon gas but action levels, 
which are concentrations from which remediation measures are recommended to be taken. Furthermore, radon levels 
below the lower action level still represent a health risk, thus not being a safe threshold. Different countries have 
defined their own policies regarding radon exposure in homes, establishing their action levels: in the US10, 148 
Bq/m3; Luxemburg11 sets it to 150 Bq/m3; Ireland, UK, Spain and Sweden establish11 the action level in 200 Bq/m3 
(in Sweden2, remediation measures are compulsory when this level is exceeded in dwellings); in other countries like 
Germany11 the action level depends on the conditions of the dwelling, being 400 Bq/m3 for the existing ones and 200 
Bq/m3 for the new ones, as the aforementioned Commission Recommendation states9. However, not every country 
has set action levels regarding radon12, such as Portugal and the Netherlands. 
With respect to water, Commission Recommendation of 20 December 200113 establishes the main guidelines 
related to exposure to radon in drinking water supplies. It is stated that water containing 1,000 Bq/L radon has a 
comparable effect on health as indoor radon concentration of 200 Bq/m3, so remedial action is suggested to be taken. 
In the case of water supplied as part of a commercial or public activity, the Commission Recommendation proposes 
the establishment of reference levels for concentrations above 100 Bq/L. For individual water supply, remedial 
action is suggested if the concentration level is of 1,000 Bq/L. In Europe, just a few countries have action levels, 
especially for public water10, existing in Spain a control of radiological parameters in water for human 
consumption14. 
Since radon hazard was stated, a wide number of studies have been conducted focusing on indoor radon and its 
remediation, determining the factors related to the indoor radon measured, estimating the risk related to radon 
exposure and evaluating the remediation measures. Economic analysis have also been performed, including cost-
benefit analysis, cost-utility analysis and cost-effectiveness analysis in order to evaluate the convenience of the 
remediation measures to be taken or the adequacy of established action levels. 
Sweden2 is one of the European countries where radon has been studied and regarded as a harmful element for 
human health, establishing a Special Radon Committee back in 1979. Prior to this, some measures were already 
taken in order to decrease the radon concentration in homes: having stated the negative effect of alum-shale-based 
concrete, its production ended in 1975. During the 1980s, a series of surveys were carried out in order to evaluate 
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the exposure of Swedish population, establishing a relationship between radon concentrations and the geological 
substrate. This fact led to the definition of three radon risk areas (high, normal and low risk) depending on the 
bedrock, thus setting a series of building technical requirements for each area. 
Several studies have been carried out in the US15,16, concluding that the annual-average home radon concentration 
corresponds to a lognormal distribution with a geometric mean of 24.8 Bq/m3 and a geometric standard deviation of 
114.7. Furthermore, it was concluded that almost all homes could be remediated under the action level. Other 
countries such as Denmark1, UK11,17,18, Cyprus19 or Norway20 have had their radon exposure studied as well, 
determining the percentage of dwellings with concentrations higher than the action levels and the cost of the 
reduction of such levels. 
The different studies performed worldwide have conducted to the statement of the key factors of radon exposure, 
confirming the influence of the buildings materials used in dwellings (being stone, and especially granite, more 
harmful than brick), which together with the geological substrate and tap water constitute the main radon sources in 
houses2,19,21,22. In fact, it is estimated that radon present in tap water increases the indoor radon exposure by 100 
Bq/m3 (average)13. Studies have also stated that radon-caused lung cancer is more likely to appear in smokers4. 
2. Radon in Spain and in Galician region 
The first radon-related research works in Spain took place in the late 1980s, when the first Spanish Radon 
Framework was established (1988), carrying out a nationwide indoor radon survey which comprised more than 
1,500 measurements22. In 1991, the Spanish Council for Nuclear Security (CSN) launched the MARNA project in 
order to determine the natural gamma radiation in Spain23. It comprised three stages: firstly, a general map of 
exposure levels E1:1,000,000 was elaborated, including E1:200,000 maps for Extremadura and Castile and León; 
the second stage included more detailed maps (E1:200,000) of a total area of 220,000 km2; finally, the third stage 
covered a total area of 380,000 km2 at an E1:200,000 scale. MARNA project included almost 1,800 indoor radon 
measurements throughout the Spanish territory, with a mean value of 43 Bq/m3. Regarding the autonomous 
communities, the highest measurement corresponded to Castile and León (15,402.7 Bq/m3), but the highest mean 
radon concentrations were obtained in Galicia (118 Bq/m3) and Extremadura (90 Bq/m3). The relationship between 
gamma radiation and bedrock was also studied, in order to explain the measured values (Table 1). 
Table 1. Uranium exposure rate related to the different types of bedrock23. 
Bedrock types Uranium exposure 
mean value (C/kg·h) 
Range(C/kg·h) 
Basaltic rock 1.55 x 10-10 0 - 4.90x 10-10 
Granitic rock 0 - 6.19 x 10-10 1.55-11.61 x 10-10 
Clayey rock 5.93 x 10-10 2.58-9.03 x 10-10 
Sandstone 0.77 x 10-10 0.26-0.77 x 10-10 
Carbonated rock 3.35 x 10-10 0–14.19 x 10-10 
 
The results obtained in Galician territory, where a high natural gamma radiation was stated, led to the 
development of MARNA Galicia project, as well as to several research works focused on the study of radon 
exposure in this autonomous community. Barros-Dios et al.21 studied the factors underlying residential radon 
concentration through the sampling of 983 dwellings, finding that 12% of those exceeded the action level (200 
Bq/m3), and pointing out some of the factors that influence radon levels such as building materials, age of the 
building (related to windows size) and height of the storey (due to the density of radon). 
A study in the region of Santiago de Compostela (capital city of Galicia)24 conducted through the collection of air 
samples in different buildings of the university, measuring radon concentrations of up to 7,436 Bq/m3, and stating 
that nearly the 10% of the buildings exceeded 800 Bq/m3. A relationship between radon concentration and aeration 
was also stated, obtaining higher indoor measurements at night. 
One of the most complete studies of Galician region was completed25, carrying out a comprehensive campaign in 
high, medium and low gamma radiation exposure zones. A total of 600 buildings were measured, finding that 68.5% 
73 C. Iglesias and J. Taboada /  Procedia Earth and Planetary Science  8 ( 2014 )  70 – 74 
of dwellings in high exposure zones exceeded 200 Bq/m3 of indoor radon concentration, 21.9% in medium exposure 
zones and 7.6% in low exposure zones. Furthermore, measuring radon concentration in soils, the correlation 
between geology and indoor radon exposure was confirmed. 
Attributable mortality to this element in Galicia has been studied5 and defined two scenarios of radon exposure 
(37 Bq/m3 and 148 Bq/m3) and three categories for smokers (never smokers, ex-smokers and current smokers). 
Using the measurements taken in 404 dwellings and equal number of individuals, they stated that 19.4% of the 
dwellings had radon concentrations above 148 Bq/m3 and certified the influence of tobacco smoking and radon 
exposure in the development of lung cancer. According to their results, mortality attributable exclusively to radon is 
low (3-5%), but this figure is clearly increased to 22% when the subjects are smokers and exposed to radon 
concentrations over 148 Bq/m3. 
 
3. Remediation measures 
Among the most applied remediation measures, we can distinguish three principal types depending on what they 
focus on: avoiding the penetration of radon gas in dwellings, lowering indoor radon concentration or eliminating 
radon from water. Since the main radon source is the soil or rock where the dwelling is built, de-pressurization 
methods are an effective way of avoiding radon penetration in homes’ foundations26-29. There are active soil de-
pressurization methods, i.e. a fan and/or a pump are used to extract radon from soil and exhaust the gas above the 
roofline, and passive methods, based on the natural pressures existing in site26-29.Apart from these, another way of 
avoiding radon penetration is the reparation of cracks in the foundation, since sealing the cracks is an effective 
measure for limiting the flow of radon into the dwelling29. 
As it has been pointed out previously, building materials are also an important source for indoor radon22, 
especially when granitic rocks are used as in Galicia. In this case, good ventilation is essential to control radon 
concentration, even using vents to increase air change24,26,29. 
Finally, water can also be a source of radon depending on the geological substrate2. To prevent this additional 
source of indoor radon, radon in water can be reduced using two basic methods29: point-of-entry treatments can be 
applied using granular activated carbon, filters or aeration systems; or point-of-use treatments can be used also, 
employing devices that remove radon from water at the tap. 
 
4. Conclusion 
Authorities worldwide are becoming more aware about public radon exposure, thus developing a series of control 
procedures, determining the risk of the different areas and informing people of how to minimize their exposure to 
this carcinogen substance. Since radon is present everywhere naturally, a certain exposure would always exist. 
However, there are nowadays enough remediation measures that can be taken in order to control the risk, and plenty 
of information available about how to proceed in case of high exposure rates of indoor radon. 
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